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Mysteries abound in the universe. A major one is
right there in our Sun’s corona, the part of the solar
atmosphere extending outwards like a crown. The corona
is 200 times hotter than the solar surface, which is closer
to the source. This remains a 70-year long mystery and
the main driver of solar physics.

The key lies in the solar magnetic field. Alfvénic waves,
discovered by Hannes Alfvén in 1947, are a major
candidate to solve the heating puzzle. These waves travel
along magnetic field lines and carry large amounts of
energy. Similar to the up/down motion of a car’s piston
engine leading to the rotatory motion of the wheels, the
motion of plasma produced by an Alfvénic wave changes
during propagation: the initial up/down motion converts
to azimuthal motion in a process known as “resonant
absorption.” This energy conversion also changes the
spatial location of the wave, making their detection and
dissipation into heat extremely difficult. Hypothesised for
over 30 years, IRIS and Hinode were able to observe this
process directly for the first time. Recently, a step closer to
its solution has been possible thanks to the combination
of the Japanese-lead Hinode mission, NASA’s IRIS
mission and state-of-the-art numerical simulations with
the ATERUI supercomputer.

Hinode and IRIS are very different instruments. While
Hinode works as a very high-resolution camera, capturing
the motion of structure in the plane-of-the-sky, IRIS is a
spectrograph and can capture structure moving away
and towards us. Their combination, therefore, allows us
to identify the 3D motion of plasma. On the 19th October
2013, Hinode and IRIS pointed together to a solar
prominence. Such structures are suspended high above
the surface by the magnetic field and are characterised by
their thread-like morphology, tracing its shape. As shown

ZlE ODTICEH>TEASNITOIRVROER. IRISIF. BOLSAVITE>THNRER%E
1olce B PTNADYZT2L—Y 3V LIETOIRVROMBE, RIEOARLREMEICELY,
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ABNTNB, JOIRVRIFE. ARIEHRAITRESHBICIKET 5,

Left: The image of the prominence observed by Hinode. IRIS observed it along
the white lines and obtained spectroscopic data. Right: The cross-section of the
simulated prominence calculated by ATERUI. Magnetohydrodynamic instability
produces vortices in the prominence. Plasma gas oscillates in different directions
inside and outside of this prominence. (Credit: JAXA/NAOJ/P. Antolin)

in the figure, Hinode detected the up/down oscillatory
motion of a prominence thread in the plane-of-the-sky. At
the same time, IRIS detected heating and an oscillatory
velocity signal that is peculiarly out-of-phase. In order to
understand the observations we conducted 3D numerical
simulations at very high resolution of a prominence
thread subject to an Alfvénic wave with ATERUI. This
supercomputer ran 512 processors continuously for 4
days and produced half a terabyte of valuable information,
which was subsequently analysed. The results showed
that the observed peculiar motion and heating is the
combination of two mechanisms: resonant absorption
and an instability known as Kelvin-Helmholtz. Similar to
strong winds over the ocean producing large waves, this
instability can produce vortices that ultimately lead to
turbulence and heat.
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